In this study, we investigate the antimicrobial effects of a mixture of a biosurfactant from Bacillus subtilis 
INTRODUCTION
Microbial compounds that exhibit pronounced surface and emulsifying activities are classified as biosurfactants. They have primarily been used for environmental applications because of their diversity, environment-friendly nature, suitability for large-scale production and selectivity. Despite their potential and their biological origin, only a few studies have been carried out on their possible applications in biomedical fields. Some biosurfactants are suitable alternatives to synthetic medicines and antimicrobial agents, and they may be used as safe and effective therapeutic agents (21) . and also against the phytopathogenic fungi Penicillium sp., Alternaria sp., Gliocadium virens and Chaetonium globosum (5) .
One report refers to surfactin, which is produced by
Bacillus subtilis, as the first and most well-known member of the biosurfactant lipopeptides (2) . The potential activities of surfactin include antibiotic and membrane effects (6), the ability to disturb lipid monolayers and affect biological membranes (12) , altering the integrity of the lipid membrane with the formation of ion channels (7) and causing leakage and lysis of lipid membranes (14) . The potential of some kinds of lipopeptides to alter surface tension or show antimicrobial activity is directly linked to their molecular structure (5, 11) .
Surfactin produced by B. subtilis LB5a in cassava wastewater has been reported to have antimicrobial activity, and it was
found that all the bacteria tested were susceptible to lipopeptides. P. aeruginosa was the Gram-negative bacterium most sensitive to the product, and among the Gram-positive bacteria were Micrococcus luteus and B. cereus (17) . Later, tests showed the antibacterial effect of surfactin from B. 
Critical micelle dilution (CMD) measurement
CMD -1 and CMD -2 were determined by measuring the surface tension of biosurfactant diluted in distilled water 10-fold and 100-fold, respectively (3, 15) . conditions and had the surface activity measured as described above. These stock solutions were kept in sterile glass vials for the subsequent assays.
Alkaline lipase (AL) production

Microorganism strains for antimicrobial assays
The tests organisms Escherichia coli CCT 0547, albicans, the medium was RPMI 1640 (Cultilab).
Minimum inhibitory concentration (MIC) tests
MIC is the minimum concentration of an antimicrobial compound at which it inhibits the growth of microorganisms.
One-hundred microliters of inoculum was inoculated into 96- 
Effect of the AL/BS mix on L. innocua biofilms
The surface used was AISI 304 stainless steel with a total Table 1 enzymes, as was demonstrated in a previous study (9) .
RESULTS AND DISCUSSION
Biosurfactant stability
Minimum inhibitory concentration (MIC)
The results of antimicrobial activity assays in which BS and the AL/BS mix were tested against several microorganisms are shown in Table 2 pumilis and M. smegmatis (11) .
Results have shown that ion-conducting pores can be formed by surfactin in artificial lipid membranes. Those results demonstrated that surfactin produces selective cationic channels in lipid bi-layer membranes, and they suggest that at higher salt concentrations, a dimer is involved in the channelforming process (22) . Another study reports that given its amphiphilic character, it is presumed that surfactin's biological activity is a direct consequence of its interaction with its target membrane and the resulting alterations in the bi-layer's properties. More specifically, it seems clear that these properties are primarily related to its ability to alter membrane integrity by establishing strong interactions with phospholipid membrane constituents. Studies on the molecular mechanisms of surfactin showed that the compound has the ability to alter membrane permeability, leading to the loss of the internal vesicular contents through local destabilization of lipid packing, or "pore" formation (7).
There is good evidence that the membrane's barrier properties are damaged in areas where surfactin oligomers interact with the phospholipids at concentrations far below the onset of solubilization. This will cause structural fluctuations that may well be the primary mode of antibiotic action in addition to the other important biological effects of the lipopeptide. This type of peptide acts rapidly on membrane integrity rather than on other vital processes, and thus it might constitute the next generation of antibiotics (13) .
Effect of the AL/BS mix on the removal of L. innocua
biofilm from stainless steel Table 3 
